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Abstract
In uncertainty management - in Norway as in many other countries - uncertainty analyses are used to get answers to questions 
about expected total costs and expected final delivery date for a project. Uncertainty management should include both possible 
threats and opportunities - this is claimed to be the common view among both practitioners and academics. However, it is 
questioned whether uncertainty analyses and uncertainty management is still focusing mainly on threats, and too little seeking 
to exploit opportunities. If this is the case, then the projects will only to a small extent achieve the benefits they can achieve 
from those opportunities. In the paper we study how the projects are actually exploiting opportunities. This is done through two 
larger longitudinal case studies, each of them looking into six projects. Each of the case studies looked at the management of 
the projects' uncertainties over time - from concept development through design and execution to hand-over. In the studies we 
use combined qualitative/quantitative methods, with interviews and analyses of the projects' risk registers as two of the main 
elements. The results from those analyses are used to reflect on the current practice within uncertainty management, and some 
possible strategies for a better exploitation of the pro*jects' opportunities are pointed out.  
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Part I Theoretical framework – Uncertainty management  
In the project management domain, uncertainty is currently understood as lack of information. But uncertainty 
could also be understood as lack of certainty. Rolstadås et al. (2011) state that uncertainty in projects may take on a 
number of very different forms, and they propose a structure for categorization of uncertainty into controllable and 
non-controllable factors. Rolstadås et al.  suggest that uncertainty could be negative and positive for a project. 
Negative implications of uncertainty are labelled risk factors. Positive implications of uncertainty are labelled 
opportunity factors. Both may have a consequence if they occur. They refer to risk as the consequence of an 
unwanted event multiplied by the probability of the event, and opportunity as the opposite of risk, i.e. events with 
positive consequences. Projects have traditionally strived towards predictability and to keep all critical factors 
under control. However, for large and complex projects, such predictability does not exist in reality (Rolstadås et 
al., 2011). Uncertainties play a large role in important areas, as developing the right concept, manage multi cultured 
organisations estimating the cost and time, defining the project objectives, manage new demands from 
stakeholders, manage multiple owner ship. Especially under such conditions, it may not be a good strategy to strive 
for maximum predictability, but rather to choose a strategy of flexibility in the project, in order to be able to face 
changes in a better way (Olsson, 2006).  In this paper, we adopt the term uncertainty to include both the positive 
effects (opportunities) and the negative effects (threats) in the execution of projects.  
We define uncertainty as follows:  
Project uncertainty is defined as controllable and non-controllable factors that may occur, and variation and 
foreseeable events that occur during a project execution, and that have a significant impact on the project objective 
(Johansen, Ekambaram, Krane, & Steiro, 2012). 
Fig 1 Uncertainty – opportunities and threats (Johansen, Ekambaram, Krane, & Steiro, 2012) 
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We define threats as factors, variations and events that may lead to undesired changes to objective, scope, 
resources, frame conditions, that make the project cost more, spend more time or delivers less quality than was 
agreed up on in the beginning of the project.  
Opportunities are factors, variations and events that may lead to changes that make the project able to deliver the 
same quality in less time or to lower price than was agreed upon in the beginning of the project. It is also all such 
factors, variations and events that will cause changes who can make the project deliver higher functionality or lead 
to positive NPV after the project is delivered. 
Findings from the PUS research project, which studied uncertainty management of projects, clearly indicate that 
the project teams that were studied had the intention to focus on both opportunities and threats. But, the degree of 
focus varies (Hald et al., 2008; Ward & Chapman, 2003). In a Norwegian survey in large project organizations 
(Hald & Langlo, 2011), the response to a question regarding the focus on uncertainty management in their projects, 
76% responded that it was “mainly on risks (threats), but also on opportunities”, 15% said they did “equally focus 
on threats and opportunities”, and just 7% responded that they “only focused on risks (threats)”. 
Some authors (Hillson & Simon, 2012; Cooper, 2005) suggest that dealing with opportunities is more or less the 
same as dealing with threats, and that there is no need for separate processes. If the uncertainty is beneficial or 
positive for the objectives of the project, then the risk becomes synonymous with opportunity and handled in the 
same process/model, The Active Threat and Opportunity Modell (ATOM). Cooper supports this idea and says that 
"the general risk management process applies equally well to opportunities, requiring only minor adjustment" (p. 
125). They support the idea that identifying opportunities is similar to identifying risks.   
If this is true, a study of risk/uncertainty registers in projects will provide evidence in this direction. We 
therefore formulated the following research question for this work.  
Is the uncertainty register ‘balanced’ – i.e. are there more or less the same number of threats and opportunities 
in the register and – do the projects follow up threats and opportunities in the same way? 
Part II Research methods and limitations 
For this study a combined approach was chosen, using both qualitative and quantitative data collection methods 
(Creswell, 2003; Flyvbjerg, 2006). An introductory interview in each project gave a first insight into their 
differences and similarities. Data were collected from the risk registers of seven projects in a private company in 
the energy sector over a period of 6 months, and from five projects from public sector over a time span of 4 – 5 
years.  For quality assurance, initial results from the study were shared with persons with insight in the projects, in 
follow-up interviews. These follow-up interviews gave better insight into certain aspects that were brought to light 
through the data analysis. After the follow-up interviews, a summary of used methodology and preliminary results 
were presented to an expert panel from the companies for feedback and comments.   The main data source for this 
article has been the reports with data extracted from the project risk registers. This has been supplemented (to some 
extent) with information from the interviews with key personals from the projects. 
For the first part of the study in the energy sector, all identified uncertainties were categorised according to their 
possible impact to the project's – and the organisation's – objective levels: Operational, short-term strategic or long-
term strategic. A criteria set had been established, making it possible to categorise risks based on info in the risk 
register. These criteria was developed based on a study of the literature dealing with project objectives with long- 
and short-term perspectives.   There has also been made a categorisation into opportunities and threats – also called 
positive and negative risks (Krane et al., 2009).  
The data from the public sector project were collected in the spring 2013, and also here uncertainty registers 
from the projects were the main data sources for the study. For the public sector project we collected data from the 
risk registers at four different data points. – The first collection was when the register was established, then when 
the budget was established, then half way in the execution, and finally at the end of the project. We counted threats 
and opportunities in the planning and execution phases and asked the projects how they did it in the end – How 
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many opportunities were exploited, and what was the effect for the project. We also looked for which threats did 
materialise, and what the consequences were for the project at the end?  
It is understood, due to the diverse contextual backgrounds of the projects involved, that the explanations for 
differences may be equally diverse. Therefore, we aimed to analyse possible explanations and present and discuss 
them in a manner which could be meaningful above the level of the single project.  
Part III Result of uncertainty management in energy sector company – and public sector companies 
The first part of the study was performed in seven projects in organisations in the energy sector. The projects 
studied may all be characterised as engineering and construction projects, and they were all large projects (i.e.; 
projects with total costs of 100 Mill Euro (M€) or more). They were selected to represent a broad range of projects 
– regarding size, project phase and project culture.   The projects studied were in different project phases – varying 
from one that had not yet made all conceptual decisions to one that was close to takeover and start-up of 
production. The other ones were at different stages between these.  Regarding their organisational relations, most of 
the projects were quite complicated, both because ownership of the project results will be split, and because 
suppliers/ contractors to the projects were many and diverse. For the first research question – regarding when the 
risks are identified - the projects’ identification of risks as opportunities ('positive risks') vs. threats ('negative risks') 
were examined. The results are given i table 1 (the energy sector projects) and table 2 (public sector).  
Table 1 - Distribution of identified uncertainties , threat/opportunity categories 
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Proj A 0 0 0 4 92 14 0 0 0 110 
 0 % 0 % 0 % 4 % 84 % 13 % 0 % 0 % 0 % 100 % 
Proj B 0 0 0 0 4 1 0 39 5 49 
 0 % 0 % 0 % 0 % 8 % 2 % 0 % 80 % 10 % 100 % 
Proj C 5 0 11 0 0 0 0 35 2 53 
 9 % 0 % 21 % 0 % 0 % 0 % 0 % 66 % 4 % 100 % 
Proj D 0 0 0 0 35 0 0 261 3 299 
 0 % 0 % 0 % 0 % 12 % 0 % 0 % 87 % 1 % 100 % 
Proj E 3 29 28 1 41 23 1 31 4 161 
 2 % 18 % 17 % 1 % 25 % 14 % 1 % 19 % 2 % 100 % 
Proj F 0 0 0 15 75 37 12 245 82 466 
 0 % 0 % 0 % 3 % 16 % 8 % 3 % 53 % 18 % 100 % 
Proj G 0 0 0 0 25 0 0 166 5 196 
 0 % 0 % 0 % 0 % 13 % 0 % 0 % 85 % 3 % 100 % 
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TOTAL 8 29 39 20 272 75 13 777 101 1334 
 1 % 2 % 3 % 1 % 20 % 6 % 1 % 58 % 8 % 100 % 
In the table data are given for each project phase: Phase I – ‘Concept development’, Phase II  – ‘Design’ and 
Phase III – ‘Detail design, construction and test’. For each of the projects the first line gives the number of risk 
elements. The second line gives the percentage of the total of risks for that project. 
Table  2 - Threats and opportunities planning and execution phase  Public sector projects  
Opportunities Threats 
Number Consequence Number Consequence 
Case 1 Planning 
2005- 2009
11 50- 70 Mill 14 +160 – 190 mill 
Execution 
2009 -2012
5 30-50 mill 26 +190-200 mill 
Actual outcome: 2 20-30 mill 22+ + 180- 200 mill 
Case 2 Planning 
2001- 2006
2 1 mill 21 Delays and 
25– 35 mill
Execution 
2007 -2010
1 > 0,100 mill 31 25– 35 mill 
Actual outcome: 0 0 30+ +40 mill 
Case 3 Planning 
2001- 2011
2  15- 20 mill 52 Delays and 
12– 16 mill
Execution 
2011 -2014 
4 14- 16 mill 23 Delays and 
30– 40 mill 
Actual outcome: 3 10- 15 mill 18 Delays 3 month 
+75-100 mill
Case 4 Planning 
1999- 2007
8 30- 40 mill 7 20 – 30 mill 
Execution 
2007 -2010 
2 Effect not clear 26 Delays and 
20 – 60 mill 
Actual outcome: 4 15-30 mill 8 30-50 mill 
Case 5 Planning 
2001- 2006 
0 0 12 20- 40 mill 
Execution 
2006 -2011 
0 0 14 20- 40 mill 
Actual outcome: 0 0 4 15-25 mill  
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The result in table 2 shows that only 9 opportunities were exploited and at least 82 threats had economic 
consequences for the five cases that we studied. 
The pattern is more or less similar in all the five cases in the public sector study that we have been looking into 
– they all had much focus on threats and still a lot of them turned into reality – the projects were not capable of 
taking measures so that the threats were avoided. There were substantially less opportunities and in the end even 
fewer that projects follow up and actually exploited in the end. 
The data from the two different studies show more or less the same pattern – there are much more threats than 
opportunities in the uncertainty registers. We also see that opportunities that were identified in the execution phase 
were few and often not exploited at all.  
Our case shows that the private sector and public sector cases had more or less the same focus on threats. And 
that private projects are not better at exploiting opportunities then public projects.  
All of our projects seem to be quite conservative to new ideas and change, and they are not seeking new 
opportunities in the execution phase of the project. Some opportunities were identified late in the project in 
uncertainty analysis workshops, but identifying new opportunities doesn't mean that the project actually utilize the 
opportunities, after the workshops are over.  
If a project management team believes that they have enough money and time to deliver what has been agreed 
upon with the project owner, then their motivation and interest for new opportunities will normally be limited. 
They may consider the list of opportunities as a gamble, because it means that they need to change part of the 
process or concept, and this may be a gamble where the project management team doesn't get paid for those 
changes or have any benefit from them.  
On the other hand, if a project believes that the budget is too small or tight, then they will start seeking for 
opportunities and more actively exploit new ideas. they will then also be willing to make changes to the concept, so 
that they will deliver according to budget. Case 1, 3 and 4 in the public sector all had tight budgets, and this made 
them all exploit opportunities more actively than in the other cases.  
Our studies on project practices indicate that projects only to a small extent are actively seeking opportunities in 
the execution phase. This does not mean that such opportunities do not exist there; it only means that quite many 
projects miss out possible opportunities because they are lacking focus on this issue, when it comes to managing 
uncertainty. 
This research has also revealed a phenomenon that might be called "the blind spot" of uncertainty management. 
In short, the blind spot it the missing ability to unveil and to utilize the opportunities in a project. Fig 1 below 
illustrates how the number of opportunities and threats is evolving during the project planning and execution 
phases. In the left part of the figure, the development regarding opportunities and threats is symmetrical, reflecting 
an assumption that they are equal in numbers. The graph also shows the common observation that there is an 
overall, though uneven dropping trend towards delivery. In the right part of the figure, the set of lost (i.e. 
unexploited) opportunities – due to a low opportunity focus – is marked as the area called the “blind spot”.  
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Fig.2 Number of opportunities and threats during project planning and execution phases 
From the findings of the PUS research project referred to in the first part of this article, we may get the 
impression that most project managers and project owners have realized that there is an opportunity side of 
uncertainty, and further on that those opportunities are pursued and utilized in most projects today. However, the 
fact is that the projects are preoccupied with the threats, thus loosing sight of the opportunities.  
The matrix in fig 3 is another way of illustrating the “blind spot” in uncertainty management. The figure is 
intended to give a principal illustration of how the project owner (PO) and project manager (PM) is focusing (i.e., 
having high or low focus) on threats and on opportunities, and how this is typically developing through the project. 
At project start the main focus of both actors is on opportunities – and typically on the opportunities that the project 
will or can bring. At later stages; in fact already when the project is detail planned and organized, the PM’s focus 
will turn from "high on opportunities and low on threats" into a "high focus on threats and low on opportunities". 
The project owner, being responsible for achieving benefits from the project, will still be highly focused on project 
opportunities, but will at later project stages usually also have a higher focus on threats.  
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Fig.  3 Focus on threats and opportunities  
However, for some POs we observe that they assume the PM’s attitude to uncertainties and get a high focus on 
threats and low on opportunities. The gap regarding opportunity focus between the two types of owners that we 
here illustrate will represent a potentially large number of lost opportunities, i.e.; opportunities that may remain 
unidentified and very rarely will be utilized. This area or set of lost opportunities may then be called the project’s 
“blind spot”.  
Part IV Conclusion – Exploiting opportunities in the uncertainty management  
Uncertainty is said to be a two sided coin – threats and opportunities. This is implicitly to indicate that the two 
sides have equal weight. However, in practice, there is a significant focus on dealing with threats when it comes to 
managing uncertainty in projects, and less focus on the opportunities. Our data suggest that uncertainty 
management still is more about dealing with threats and that most projects seem to be paying little or no attention 
to the opportunities in the execution phase of the project. Only if the project believes that budget is too small or 
tight will they start seeking for opportunities and be more active in exploiting new ideas and possible changes to 
the concept. The 5 public projects also suggest that identifying the threats in the early stage of the project doesn't 
necessarily mean that it is possible to avoid the consequence on later stage of the project. In fact many of the 
threats still become a reality, although the project identified them and tried to make action so the effect could be 
avoided. 4 out our 5 public project did underestimate possible consequences and was too optimistic in terms of 
estimating the effect of the opportunities that were identified at an early stage of the project. This shows that 
getting positive effects of an opportunity is not necessarily that easy and that controlling and avoiding consequence 
of threats also can be quite difficult in many projects. It also indicates that in many projects there is a lot more that 
can go wrong or not according to plans and that uncertainty management therefore is more about identifying and 
dealing with threats than exploiting new opportunities. 
    
In (Johansen, Ekambaram & Hald, 2012 and Johansen et al., 2013) it is discussed more in detail the challenges 
involved in identifying and exploiting opportunities. They suggest that identifying and managing opportunity is 
closely related to understanding what type of benefit that the opportunity will bring to each actor in a project, and 
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also to when the benefit may occur. The project or project management team will be interested in opportunities that 
are linked to the project objective, and opportunities for the project are thus linked to cost/time/quality. The 
company or project owner that both initiates and ends the project will have a particular focus on their financial 
benefit after the project has been executed, and after selling services or products that the project has delivered. At 
the same time, the company also gains experience and skills that make them better prepared to execute new 
projects. Furthermore, the execution of a project would establish / maintain the organization's justification for 
conducting the project, seen from the owner point of view. The society / end user / customers get the effect result of 
the project, years after the project is completed. They have requirements before the project starts; for instance, a 
new school, hospital, road, etc., and for them the expected benefit will typically be better education, better 
healthcare, faster / safer travelling respectively.  
Johansen and Langlo (2013) suggest that the key to understanding why some stakeholder may be interested in 
exploiting opportunities will be to see how the different stakeholders may benefit if an opportunity occurs. Another 
observation pointing in the same direction can be found the work done by Flyvbjerg et al. (2002). They say that it 
seems like the willingness to gamble or taking opportunities into the project would increase if the project would not 
be held accountable for cost overruns or delays. This suggests that – in the same way as closeness/involvement to 
the uncertainty matter – it also seems like the closeness/involvment to the uncertain reward plays an important role 
when it comes to exploiting the opportunities or not. We believe that the mixed interests and different 
interpretations of value is a key issue to understand why on opportunity is preferred compared to another.  
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